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FOREWORD 


This  research  was  conducted  in  the  Laboratory  of  Aviation  Psychology  at  the 
Ohio  State  University  as  part  of  a  program  of  research  on  "Techniques  for  Promot¬ 
ing  the  Long-Term  Retention  of  Learned  Skills/1  from  May  I960  to  August  1962. 

This  study  was  conducted  under  Contract  AF  33(6l6)-7269  between  the  Ohio  State 
University  Research  Foundation  and  the  Behavioral  Sciences  Laboratory,  6570th 
Aerospace  Medical  Research  Laboratories,  Aerospace  Medical  Division,  in  support 
of  Project  No.  1710,  "Training,  Personnel,  and  Psychological  Stress  Aspects  of 
Bioastronautics, Task  No.  171003.  11  Human  Factors  in  the  Design  of  Systems  for 
Operator  Training  and  Evaluation.  1  The  Principal  Investigator  was  Dr.  George  E. 
Briggs.  Dr.  T.  E.  Cotterman,  Operator  Training  Section,  Training  Research 
Branch,  Behavioral  Sciences  Laboratory,  served  as  contract  monitor.  Appreciation 
is  expressed  to  Dr.  Cotterman  for  his  many  positive  contributions  to  the  research 
planning  and  interpretation. 


ABSTRACT 


Laboratory  research  is  reported  on  retention  of  continuous  (tracking)  and 
of  discrete  (procedural)  tasks  as  a  function  of  rehearsal  conditions  (simplified 
versus  "operational11  rehearsal  tasks).  All  rehearsal  conditions  led  to  superior 
retention  of  the  tracking  task  compared  to  a  no-rehearsal  condition,  and  certain 
of  the  procedural  task  scores  indicated  the  same  result.  However,  little  evi¬ 
dence  was  found  to  indicate  reliable  differences  among  the  several  rehearsal 
conditions.  It  was  concluded  that  sufficient  original  training  will  eliminate 
any  potential  differences  among  rehearsal  conditions. 
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INTRODUCTION 


The  use  of  astronauts  for  vehicular  control  on  space  missions  of  several 
weeks  duration  raises  the  problem  of  possible  loss  .of  learned  skills  during  the 
interval  between  the  termination  of  premission  training  and  that  time  in  the 
mission  when  highly  accurate  vehicular  control  is  required.  Unless  sufficient 
premission  training  is  provided  to  avoid  a  loss  of  skill  during  the  retention 
interval,  some  form  of  rehearsal  should  be  provided  in  the  space  vehicle  itself 
to  enable  the  astronaut  to  practice  any  skills  subject  to  forgetting.  This 
raises  two  issues  which  are  subject  to  laboratory  research:  how  much  original 
training  is  required  to  avoid,  if  possible,  significant  loss  over  a  relatively 
long  retention  interval,  and  what  should  be  the  characteristics  of  such  rehearsal 
tasks  as  may  be  required  in  the  space  vehicle?  The  present  report  is  the  second 
study,  in  a  series  of  experiments  on  long-term  retention,  devoted  to  a  specifica¬ 
tion  of  requirements  for  rehearsal  tasks  in  a  vehicular  control  system. 

In  the  first  study  of  rehearsal  variables  Naylor  and  Briggs  (ref.  6)  used  a 
discrete  procedural  task  patterned  after  the  procedural  panel  which  is  used  in 
the  Project  Mercury  capsule  to  monitor  and  (if  necessary)  to  provide  manual  con¬ 
trol  over  discrete  events  in  the  orbit  mission.*  Naylor  and  Briggs  found  that 
rehearsal  (which  took  place  midway  in  a  25-day  retention  interval)  on  a  task  with 
modified  temporal  characteristics  resulted  in  less  retention  of  the  original  task 
requirements  than  that  following  rehearsal  on  a  task  with  modified  spatial  charac¬ 
teristics.  It  was  concluded  that  timing  of  responses  was  the  more  difficult  task 
requirement  and,  therefore,  temporal  fidelity  of  rehearsal  to  operational  tasks 
should  be  maintained. 

These  results  are  at  variance  with  some  earlier  data  by  Bunch  (refs.  1,  2) 
which  suggested  that  activities  performed  during  the  retention  interval  tend  to 
facilitate  retention  if  the  interval  itself  is  of  sufficient  duration  (120  days). 
Facilitation  was  found  even  then  the  interpolated  activity  possessed  character¬ 
istics  normally  considered  to  be  antagonistic,  i.e.,  that  would  be  expected  to 
produce  retroactive  inhibition  with  retention  intervals  of  short  duration.  Bunch 
used  a  finger  maze,  a  task  not  too  dissimilar  to  that  employed  by  Naylor  and 
Briggs  in  its  basic  demands  on  the  subject,  but  of  course  the  25-day  retention 
interval  used  by  Naylor  and  Briggs  was  considerably  shorter  than  that  employed 
by  Bunch,  .and  he  used  a  rehearsal  maze  in  which  both  the  temporal  and  the  spatial 
patterns  of  required  responses  were  different  than  those  in  'the  originally  learned 
task.  Thus,  in  the  present  study  a  longer  retention  interval  was  employed  (37 
days  for  all  groups)  and  one  group  of  subjects  experienced  a  rehearsal  task  in 
which  both  the  temporal  and  the  spatial  characteristics  were  modified  compared 
to  the  originally  learned  procedural  task. 

The  present  study  also  included  a  three-dimensional  tracking  task  over  which 
the  subject  attempted  to  maintain  continuous  control  while  executing  the  procedural 
task  responses.  Reference  again  to  the  Mercury  vehicle  indicates  that  such  a  task 


While  the  Mercury  system  was  not  designed  for  missions  of  sufficient  duration 
to  raise  a  question  of  skill  retention,  that  vehicle  did  provide  the  best 
reference  tasks  at  the  inception  of  this  research  program. 
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complex  is  more  realistic  than  that  used  by  Naylor  and  Briggs:  operational  aero¬ 
nautical  and  aerospace  vehicles  require  that  the  pilot  or  astronaut  carry  out 
continuous  control  and  discrete  procedural  tasks  simultaneously  at  certain  phases 
of  a  mission,  especially  during  landing  or  re-entry  maneuvers.  The  tracking 
task  was  patterned  after  the  attitude  control  task  present  in  the  Mercury  vehicle. 

In  summary,  nine  groups  of  subjects  received  eight  daily  sessions  of  training 
on  what  will  be  called  the  "operational"  version  of  the  tracking  and  proced¬ 
ural  tasks  followed  by  a  retention  interval  of  37  days.  Approximately  midway  in 
this  interval,  eight  of  the  groups  received  four  days  of  rehearsal  either  on  the 
operational  task  or  on  a  simplified  version  of  that  task;  the  ninth  group  re¬ 
ceived  no  rehearsal  and  serves,  thereby,  as  a  control  group  against  which  to 
compare  the  retention-test  performance  of  the  eight  experimental  groups.  Four 
of  these  latter  groups  rehearsed  on  the  operational  tracking  task,  while  the 
other  four  experienced  a  simplified  version,  and  within  each  subset  of  four, 
there  was  one  group  for  each  of  the  four  possible  variations  of  the  temporal  and 
spatial  characteristics  of  the  procedural  task  (operational  versus  simplified). 

No  specific  predictions  were  made  concerning  the  relative  retention  levels 
of  the  nine  groups,  except  for  the  expectation  that  all  eight  experimental  groups 
would  be  superior  to  the  control  group  at  retention  test.  Instead,  this  was  con¬ 
ceived  to  be  an  exploratory  study  to  determine  which  of  the  previous  results 
(Bunch  versus  Naylor  and  Briggs)  more  closely  approximates  retention  performance 
on  a  more  complex  and  realistic  task.  While  there  were  few  specific  a  priori 
hypotheses  under  test,  there  was  a  definite  purpose  to  the  study:  to  determine 
those  aspects  of  an  operational  task  complex  which,  for  purposes  of  rehearsal, 
can  be  simplified  (thus  providing  a  savings  in  equipment  space  and  weight)  with¬ 
out  significant  loss  in  or  interference  with  skill  retention. 


METHOD 

Apparatus :  The  operational  task  on  which  subjects  (Ssj  were  tested  involved 
two  independent  components,  each  requiring  qualitatively  different  responses.  One 
task  was  procedural  in  nature,  requiring  discrete  responses,  while  the  second  was 
a  continuous,  three-dimensional,  compensatory  tracking  task.  The  experimental 
situation  is  shown  schematically  in  figure  1. 

The  stimulus  elements  of  the  procedural  task  were  provided  by  a  panel  of 
nine  pairs  of  stimulus  lights,  each  pair  consisting  of  an  amber  light  and  a  red 
light.  The  pairs  of  lights  were  arranged  vertically  on  the  panel  with  1-inch 
separation  between  pairs.  To  the  left  of  each  light  pair  were  three  response 
buttons  labeled  "Emergency,"  "OK,"  and  "Check."  The  occurrence  of  a  particular 
light  determined  the  appropriate  response:  S  was  to  press  only  the  OK  button  if 
an  amber  light  occurred;  however,  he  was  instructed  to  press  the  emergency  and 


Since  re-entry  maneuvers  occur  late  in  a  mission,  the  possibility  of  forgetting 
those  skills  is  greater  than  for  skills  to  be  executed  closer  in  time  to  the 
termination  of  premission  training;  thus,  it  is  felt  that  the  present  task  com¬ 
plex  provides  a  more  useful  basis  upon  which  to  generalize  results  than  did  the 
relatively  simple  task  employed  earlier  by  Naylor  and  Briggs. 
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Figure  1.  Line  Drawing  of  the  Experimental  Booth. 


OK  buttons  in  sequence  if  a  red  light  occurred,  and  if  no  light  at  all  occurred 
at  a  specified  time,  S  was  to  depress  the  check,  emergency,  and  OK  buttons  in  that 
order.  The  appropriate  response  or  sequence  of  responses  locked  in  the  amber 
light,  while  a  failure  to  produce  the  appropriate  sequence  resulted  in  the  red 
light  being  locked  in. 

The  procedural  task  panel,  located  approximately  2k  inches  from  S's  left 
shoulder  and  30°  to  the  left  of  center  of  his  frontal  vision,  was  rotated  so 
that  the  plane  area  of  the  panel  was  maximal  from  S's  regard.  The  apparatus  in¬ 
cluded  a  1-second  stepping  switch  which  allowed  E  To  program  (a)  the  spatial  order 
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of  the  nine  stimulus  events,  (b)  the  duration  of  each  stimulus  event,  (c)  the 
time  between  the  onsets  of  stimulus  events,  and  (d)  the  preresponse  condition 
(red,  ainber,  or  no  light)  for  each  stimulus  event. 

Twt>  levels  of  procedural-task  organization  were  used,  where  organization  .as 
defined  in  terms  of  the  informational  metric  9.  Organization  was  determined  in 
terms  of  the  spatial  contingencies  of  stimulus-event  pairs,  and  since  the  se¬ 
quence  of  positions  involved  sampling  light  positions  without  replacement,  H 
could  be  calculated  on  the  basis  of  the  relationship  between  changes  in  light 
positions  rather  than  on  the  basis  of  light  positions  themselves.  The  low- 
organization  sequence  was  1,  5,  2,  9,  8,  3,  6,  7,  3,  where  1  refers  to  the  top 
pair  of  lights,  2  to  the  next  pair,  etc.  The  value  of  ft  for  this  sequence  was 
2.808  bits.  For  a  second  sequence  with  higher  organization  (l,  2,  3,  ky  5,  6, 

7,  8,  9)  ft  was  0.000  bits.  Both  spatial  sequences  had  been  used  in  a  prior  re¬ 
tention  study  with  this  apparatus  (ref  .  8).  Two  temporal -interval  sequences  for 
stimulus  events  were  also  used.  In  the  first,  the  temporal  intervals  between  the 
onsets  of  successive  lights  were  U,  8,  10,  1|,  10,  6,  6,  and  8  seconds,  while  in 
the  second  condition  there  was  a  constant  interval  of  7  seconds  between  stimulus- 
event  onsets  (3  seconds  for  a  stimulus  event  plus  k  seconds  delay  before  the  next 
stimulus  event).  The  Ss  were  informed  that  the  duration  for  each  stimulus  event 
was  3  seconds  and  that  it  was  necessary  to  activate  the  appropriate  response 
button  or  sequence  of  buttons  within  this  time  or  the  red  light  would  become 
locked  in. 

The  tracking  task  was  a  three-dimensional  control  device  simulating  the  three 
attitude  control  dimensions  (roll,  pitch,  and  yaw)  of  a  vehicle  in  free  flight. 
Rate  control  dynamics  were  present  in  all  three  dimensions.  The  19*  10. 5-inch 
display  panel  was  situated  to  the  right  of  the  procedural  task  display  directly 
in  front  of  S.  The  display  consisted  of  three  center-null -position  meters,  one 
each  for  roll,  pitch,  and  yaw  attitude  error.  The  input  signal  was  a  simple  sine 
wave  generated  by  a  Hewlett-Packard  Model  202-A  signal  generator.  Two  input 
rates,  0.025  cps  and  0.050  cps,  were  used  under  different  experimental  conditions 
(see  table  l).  The  Ss  tracked  the  signal  in  all  three  dimensions  simultaneously 
using  a  three-diraensTonal  control  stick  for  his  tracking  responses.  All  control 
movement  directions  were  compatible  with  the  displays:  (a)  left-right  (roll), 

(b)  front -back  (pitch),  and  (c)  rotational  (yaw). 

Experimental  Design:  Experimental  conditions  during  rehearsal  were  the 
critical  experimental  a i s t inc t i ons  between  groups  of  Ss.  All  groups  were  given 
original  training  on  and  were  tested  subsequently  for  retention  with  the  same 
simulated  operational  task.  The  operational  conditions  were  defined  for  the 
tracking  task  by  an  input  of  0.05  cps  and  for  the  procedural  task,  the  operational 
conditions  were  defined  by  the  1,  5,  2,  9,  8,  3y  6,  7,  U  spatial -order  sequence 
(H  =  2.808)  and  the  b,  8,  10,  1;,  10,  6,  6,  8  second  temporal -order  sequence  for 
stimulus  events.  Simplified  conditions  were  used  during  rehearsal  for  certain 
of  the  groups  and  both  the  tracking  task  and  the  spatial  and  temporal  character¬ 
istics  of  the  procedural  task  were  subjected  to  simplification.  Simplified 
tracking  was  defined  by  an  input  signal  of  0.025  cps  and  the  simplified- spatial 
procedural  task  occurred  in  the  1,  2,  3>  5,  6,  7,  8,  9  (H  -  0.000)  spatial 

sequence  with  a  constant  temporal  interval  of  7  seconds  between  stimulus-event 
onsets.  The  nine  experimental  conditions  are  summarized  in  table  1.  An  inde¬ 
pendent  group  of  lit  Ss  was  assigned  to  each  experimental  condition. 
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TABLE  1 


CONDITIONS  DURING-  REHEARSAL  DEFINING  EIGHT  EXPERIMENTAL 
CONDITIONS  AND  THE  CONTROL  CONDITION 


Group 

Tracking  Task 

Procedural  Task 

Temporal  Sequence 

Spatial  Sequence 

1 

Simplified 

Operational 

Operational 

2 

Simplified 

Operational 

Simplified 

3 

Simplified 

Simplified 

Operational 

k 

Simplified 

Simplified 

Simplified 

5 

Operational 

Operational 

Operational 

6 

Operational 

Operational 

Simplified 

7 

Operational 

Simplified 

Operational 

8 

Operational 

Simplified 

Simplified 

9 

Vo  Rehearsal 

No  Rehearsal 

No  Rehearsal 

Note:— Operational  Tracking  Input:  0.050  cps 
Simplified  Tracking  Input:  0.025  cps 

Operational  Temporal  Sequence:  k,  8,  10,  1*,  10,  6,  6^  8  sec. 
Simplified  Temporal  Sequence:  7,  7,  7,  7,  7,  7,  7,  7  sec. 
Operational  Spatial  Sequence:  1,  5,  2,  9,  8,  3,  6,  7,  h 
Simplified  Spatial  Sequence:  1,  2,  3,  U,  5>  6,  7,  8,  9 


Subjects  and  Procedure:  A  total  of  126  male  undergraduates  served  as  Ss. 

All  were  Volunteers  who  received  $1.00  per  experimental  session.  None  had  Kad 
previous  experience  with  a  laboratory  tracking  Or  procedural  task. 

The  Ss  were  carefully  instructed  in  the  operation  of  both  tasks  during  the 
first  session.  A  part-task  training  procedure  was  followed  during  the  first  three 
daily  sessions:  during  each  session  half  the  Ss  receive4  five  70-Second  trials  on 
the  procedural  task  followed  by  five  70-second~trials  on  the  tracking  task;  for 
the  other  Ss  this  order  of  part  practice  was  reversed.  Whole  training,  10  trials 
on  both  tasks  combined,  was  used  for  training  during  sessions  k  through  8.  On 
each  trial,  S  tracked  for  70  seconds,  but  tracking  performance  was  scored  only  • 
during  the  last  60  seconds  of  each  trial  during  which  the  procedural  task  also 
was  operational.  Four  daily  sessions  of  rehearsal  were  initiated  18  days  follow¬ 
ing  the  last  training  session  for  all  S  in  groups  1-8,  and  as  in  training,  there 
were  10  70-second  trials  per  rehearsal"session.  One  retention  test  session  was 
completed  15  days  after  the  last  rehearsal  session,  and  the  10  trials  were  of  the 
same  duration  as  in  the  original  training  and  rehearsal  sessions. 

Tracking  performance  was  evaluated  on  the  basis  of  integrated  absolute  error. 
Absolute  error  scores  in  voltage  units  were  available  for  roll,  pitch,  and  yaw 
separately  and  these  were  summed  for  purposes  of  later  analysis.  The  separate 
scores  were  read  to  Ss  at  the  end  of  each  trial.  Since  the  reader  probably  would 
have  no  direct  appreciation  for  the  data  as  expressed  on  a  Voltage  scale,  all 
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tracking  scores  were  subjected  to  a  linear  transformation  to  provide  a  scale  of 
linear  extent  (inches)  as  determined  by  the  relationship  between  a  unit  of  volt¬ 
age  and  the  amount  of  deflection  of  a  cursor  on  any  one  of  the  visual  displays. 

On  this  more  familiar  scale,  then,  average  error  indicates  the  average  (per  S 
per  dimension)  intratrial  variability  of  tracking  error  around  zero  error.  ~ 

Procedural-task  performance  was  scored  in  terms  of  (a)  commissive  errors 
(total  button  presses  in  excess  of  the  required  number  and/or  presses  which  were 
incorrect  for  the  stimulus  condition),  (b)  omissive  errors  (failures  to  respond 
correctly  at  the  appropriate  time),  and  (c)  total  response  time  for  the  nine 
stimulus  events. 

Each  group  of  Ss  practiced  a  constant  spatial  and  temporal  sequence  during 
a  particular  experimental  phase  (training,  rehearsal,  and  retention  test)  and 
for  any  given  trial  there  were  always  four  red  lights  and  five  amber  lights. 
However,  the  actual  stimulus  event  (red,  amber,  or  no  light)  which  occurred  at 
a  particular  time  and  in  a  particular  position  changed  for  each  S  from  trial  to 
trial  and  from  day  to  day.  The  schedule  for  stimulus  events  was~as  follows: 

1.  Session  1:  No  off-light  conditions  were  used.  There  were  four  red 
lights  and  five  amber  lights  on  each  trial. 

2.  Session  2:  No  off-light  conditions  on  trials  1  and  3j  one  off-light 
on  trials  2  (position  f>),  4  (position  1),  and  5  (position  9). 

3.  Session  3:  No  off-lights  on  trials  1  and  3j  two  off  lights  for  trials 

2  (positions  3  and  5),  4  (positions  1  and  9),  and  5  (positions  1  and  6). 

4.  Sessions  4-8:  Two  off-lights  on  every  trial  with  the  particular 
lights  varied  from  trial  to  trial. 

The  Ss  were  matched  for  assignment  to  the  experimental  (rehearsal)  conditions 
on  the  basis  of  their  tracking  scores  during  training  sessions  4  through  8. 


RESULTS 

Analysis  of  variance  procedures  were  used  to  evaluate  performance  on  both 
tasks.  Separate  analyses  were  performed  on  all  metrics  for  the  training  data, 
for  the  retention  test  data,  and  for  difference  scores  between  training  and 
retent ion-test  performance  levels. 

Tracking  Task:  Tracking  performance  level  during  the  three  phases  of  the 
experiment  are  shown  in  figures  2  and  3.  Performance  is  given  in  terms  of  aver¬ 
age  tracking  error  in  inches  of  displacement  as  explained  above.  Performance 
for  the  first  three  days  of  training  is  not  shown  (and  was  not  included  in  sub¬ 
sequent  analyses)  since  a  part-training  schedule  was  used  until  the  fourth  day 
(see  above)  and  thus  the  scores  were  not  comparable  to  those  for  the  rest  of  the 
experiment. 

From  these  two  figures,  it  appears  that  tracking  performance  was  comparable 
for  the  nine  groups  during  training,  but  apparent  differences  occurred  during 
the  rehearsal  and  retention  test  sessions.  To  determine  whether  the  observed 
differences  are  reliable,  analyses  of  Variance  were  computed  on  tracking 
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TABLE  2 

SUMMARY  OF  ANALYSES  OF  VARIANCE  OF  TRAINING  DATA 


Source 

df 

Tracking 

Commissive 

Errors 

Omissive 

Errors 

Response 

Time 

MS  . 

F 

MS 

F 

MS 

F 

MS  F 

Tracking  (T) 

1 

0.33 

1.22 

53.70 

1.12 

0.58 

— 

14.27  — 

Procedural (P) 

3 

0.04 

— 

145.61 

— 

2.58 

—  ' 

93.33  - 

T  x  P 

3 

0.03 

— 

15. 43 

— 

12.56 

2.13 

76.17  - 

Ss/Groups 

loll 

0.27 

I48.11 

5.91 

93.81 

Trials  (Tr) 

4 

6.86  343.00** 

142.27 

11.8 b** 

88.61;  155.51** 

1330. 48  165.27** 

Tr  x  T 

u 

0.01 

— 

7.18 

2.01 

0.17 

— 

4.89  - 

Tr  x  P 

12 

0.03 

i.5o 

2.I4O 

— 

0.U6 

— 

6.31  — 

Tr  x  T  x  P 

12 

0.01 

— 

2.91 

— 

o.4o 

— 

3.96  — 

Tr  x  Ss/G 

4l6 

0.02 

3.57 

0.57 

8.05 

**  £  <  *01 


TABLE  3 

SUMMARY  OF  ANALYSES  OF  VARIANCE  OF  DIFFERENCE  SCORES 


Source 

df 

Tracking 

Commissive 

Errors 

Omissive 

Errers 

Response 

Time 

MS 

F 

MS  F 

MS  F 

MS  F 

Tracking  (T) 

1 

01029 

2.63 

13.64  2.73 

0.136  r- 

2.20  — 

Procedural  (P) 

3 

0.017 

1.55 

4.21  — 

1.135  1.33 

23.75  1.86 

T  x  p 

3 

0.005 

— 

6.02  1.20 

2.474  2.90* 

14.28'  1.12 

Ss/Cell 

104 

0.011 

5.00 

0.852 

12.73 

*  £<  .05 
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.4  5  6  7  8  .'1234 

S  - V  ■« 

Training  Rehearsal  Retention 

Sessions  (Ten-Trial  Blocks) 

Figure  2.  Tracking  Performance  during  Training,  Rehearsal,  and 
Retention  Test  for  Groups  1-h  and  Control  (Group  9). 


performance  during  training  (table  2),  retention  test*  (table  h),  and  for  differ¬ 
ence  scores  between  the  last  day  of  training  and  retention- test  session  (table  3). 
The  results  of  the  analysis  of  the  training  data  are  consistent  with  figures  2  and 
3  and  indicate  that  S  matching  procedures  were  adequate:  the  only  reliable 


*  Performance  for  each  S  over  the  entire  retention-test  session  (10  trials) 

served  as  the  unit  of~analysis.  Separate  analyses  were  performed  on  the  first 
retention-test  trial;  these  results  were  the  same  as  those  from  the  entire 
session. 
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Sessions  (Ten-Trial  Blocks) 

Figure  3.  Tracking  Performance  during  Training,  Rehearsal,  and 
Retention  Test  for  Groups  5-8  and  Control  (Group  9) . 


difference  (p  <  .01)  was  the  trials  effect  (table  2).  The  analysis  of  tracking 
performance  during  retention  test  (table  4)  and  for  the  difference  scores  (table 
3)  both  failed  to  demonstrate  significant  differences  due  to  rehearsal  conditions 
(tracking  and  procedural  effects). 

It  follows  from  the  latter  that  any  of  the  versions  of  the  rehearsal  task  (see 
groups  1-1*  and  6-8  of  table  l)  was  as  effective  as  rehearsal  on  the  operational 
task  itself  (group  5).  This  result  is  encouraging  in  that  it  suggests  the  use  of 
simple  rehearsal  equipment  which  presumably  would  require  less  space  and  be  of 
lesser  weight  than  more  elaborate  equipment  required  to  provide  a  higher  level  of 
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TABLE  1* 

SUMMARY  OF  AXALYSES  OF  VARIANCE  OF  RETEBTIOI-TEST  SCORES 


Source 

df 

Tracking 

Commissive 

Errors 

Omissive 

Errors 

Response 

Time 

MS  F 

MS  F 

MS  F 

MS  F 

Tracking  (T) 

1 

0.126  3-50 

11.03  1.80 

1.26  — 

18.03  — 

Procedural  (P) 

3 

0.052  1.1A 

26.57  l*.3il** 

2.38  1.71 

58.53  2.78* 

T  x  P 

3 

0.005  — 

11.18  1.83 

0.6U  — 

1.72  — 

Ss/Cell 

loll 

0.036 

6.13 

1.39 

21.01 

*  £  <  .05 

**  £  <  .01 


fidelity  of  rehearsal  to  operational  tasks.  In  other  words,  the  designer  of  re¬ 
hearsal  equipment  for  space  vehicles  apparently  has  some  latitude  in  his  choice 
of  the  fidelity  level  for  the  same  (or  at  least  for  statistically  similar)  re¬ 
hearsal  effectiveness.  Probably,  this  is  the  most  Important  conclusion  from 
these  data. 


Whenever  one  finds  no  significant  differences,  a  question  of  sensitivity  or 
power  is  raised:  what  differences  would  have  to  exist  among  groups  during  reten¬ 
tion  test  in  order  for  the  significance  test  to  detect  the  difference  at  p  <  .05? 
With  the  error  variance  encountered  in  the  retention  data,  a  difference  of  0.05 
inch  would  be  detected  at  p  <  .05  using  the  Duncan  tables  (ref.  3)  for  differences 
between  two  means.  The  authors  conclude  that  this  was  a  fairly  sensitive  experi¬ 
ment  since  it  would  be  a  most  delicate  vehicle  control  task  for  which  an  average 
error  of  0.05  inch  would  make  the  difference  between  success  and  failure. 


Since  the  control  group  (no  rehearsal)  was  not,  strictly  speaking,  part  of 
the  factorial  design,  the  data  for  this  group  were  not,  included  in  any  of  the 
above  analyses  of  variance.  To  determine  whether  or  not  any  of  the  eight  experi¬ 
mental  groups  differed  from  the  control  group  during  the  retent ion- test  session, 
and  on  the  basis  of  transfer  from  training  to  retention  test  (difference  scores), 
Dunnettfs  test  (ref.  k)  was  used  to  compare  all  treatment  means  with  the  control 
group  mean.  The  results  of  these  tests  showed  that  all  experimental  groups  were 
superior  to  the  control  group  (£  <  .05)  in  tracking  performance  on  the  basis  of 
both  the  retention  test  and  the  difference  scores.  The  means  upon  which  these 
analyses  are  based  are  shown  in  table  5  In  this  table,  posit i'/e  difference 
scores  reflect  improved  performance  across  rehearsal  while  a  negative  difference 
demonstrates  loss  of  proficiency  between  training  and  retention  test.  It  is  ob¬ 
vious  that  only  the  control  group  showed  a  loss  in  tracking  skill  between  the  end 
of  training  and  the  retention-test  session. 


In  summary,  the  data  from  tracking  accuracy  indicate  that  a  rehearsal  task 
is  desirable  to  avoid  skill  loss  as  evidenced  by  group  9 ;  however,  there  appears 
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TABLE  5 


MEAN  TRACKING  ACCURACY  ON  THE  LAST  .PAINING  SESSION 
AND  ON  1HE  RETENTION-TEST  SESSION 


Rehearsal 

Group 

Session  8 

Retention 

Test 

Difference 

1 

B 

0.228 

o.o56 

2 

BSfH 

0.273 

0.023 

3 

mmm 

0.285 

0.030 

k 

0.301 

0.281 

0.020 

5 

0.266 

0.211 

o.o55 

_  6 

0.285 

0.229 

o.o56 

7 

0.287 

0.238 

0.0U9 

8 

0.288 

0.256 

0.032 

9 

0.312 

0.376 

-o.o65 

to  be  some  latitude  in  the  fidelity  of  the  rehearsal  to  the  operational  task  as 
all  versions  employed  here  were  statistically  equivalent  in  their  effects  on  re¬ 
tention. 

Procedural  Task?  Procedural -task  performance  was  evaluated  on  the  basis  of 
three  measures:  commissive  errors,  omissive  errors,  and  response  time.  Analyses 
of  variance  on  these  measures  are  shown  for  training  sessions  in  table  2  and  for 
retention  test  in  table  1±.  The  analysis  fbr  difference  scores  is  shown  in  table 

3. 


During  training,  the  only  significant  differences  which  occurred  were  dif¬ 
ferences  due  to  trials.  All  three  metrics  showed  the  expected  practice  effects 
(£  <  .01).  These  nonsignificant  results  are  to  be  expected  if  subject-matching 
procedures  were  adequate. 

The  analysis  of  variance  of  retention-test  scores  (table  li)  showed  that 
both  commissive  errors  (p  <  .01)  and  response  time  (£  <  .05)  were  sensitive  to 
procedural  task  manipulation,  while  none  of  the  procedural-task  measures  re¬ 
flected  reliable  differences  due  to  simplification  of  the  tracking  task  (opera¬ 
tional  versus  simplified)  during  rehearsal s  To  determine  which  of  the  four 
procedural-task  conditions  differed  significantly  during  retention  test, 

Duncan1  s  test  for  differences  between  all  possible  pairs  of  means  was  used 
(ref.  3).  These  tests,  summarized  in  table  6,  showed  significantly  fewer  com¬ 
missive  errors  (£  <  .05)  for  those  groups  who  received  the  operational  procedural 
task  during  rehearsal  when  compared  to  all  simplified-rehearsal  conditions;  and 
the  number  of  commissive  errors  did  not  differ  for  comparisons  among  simplified 
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TABLE  6 


SUMMARY  OF  DUNCAN  TEST  FOR  COMMISSIVE  ERRORS  AND  FOR 
RESPONSE  TIMES  AT  RETENTION  TEST 


Procedural 

Task 

Conditions 

Commissive  Errors 

Groups 

•  145  3  &  7  U&8  246 

i&5 

Response  Time 
Groups 

2 &  6  1*48 

347 

Temporal 

0 

S 

s 

0 

0 

0 

S 

s 

Spatial 

0 

0 

s 

S 

0 

S 

s 

0 

Average 

■  i.ia 

2.26 

I 

2.30 

2.51 

1 

|9.n 

9.1*0 

a 

io.oUj 

10.92 

1 _ 

_ 1 

Note:  S  =  simplified,  0  5  operational;  means  in  brackets  do  not 
differ  at  £  <  .05. 


rehearsal  conditions  themselves.  The  Duncan  analysis  on  response  time,  also  sum¬ 
marized  in  table  6,  showed  significantly  longer  response  time  when  the  groups  who 
received  simplified  temporal  rehearsal  (groups  3  and  7)  were  compared  to  the 
operational-task  rehearsal  groups  (groups  1  and  5). 

The  analysis  of  variance  of  procedural  metrics  based  on  difference  scores 
(table  3)  showed  only  one  significant  source  of  variance:  a  reliable  (£  <  .01) 
tracking  x  procedural  interaction  for  omissive  errors  indicates  that  the  differ¬ 
ence  in  number  of  omissive  errors  was  jointly  determined  by  manipulation  of  both 
tasks  during  rehearsal.  The  Duncan  analysis  (table  7),  comparing  all  combinations 


TABLE  7 

SUMMARY  OF  DUNCAN  TEST  FOR  OMISSIVE  ERROR  DIFFERENCES 
BETWEEN  TRAINING  AND  RETENTION  TEST 


Task 

Conditions 

6 

i* 

7 

Groups 

3  1 

2 

8 

5 

Tracking 

0 

s 

0 

s 

s 

s 

0 

Q 

Temporal  Procedural 

0 

s 

s 

s 

0 

0 

s 

0 

Spatial  Procedural 

s 

s 

0 

0 

0 

s 

s 

0 

Average 

t-o.il* 

-0.12 

-0.07 

0.08 

1 

0.08 

0.14 

0.21  ( 

0.3l* 

1 

_ 1 

Note:  S  =  simplified,  0  5  operational;  mean  differences  within  brackets 
do  not  differ  at  p  <  .05. 
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of  the  eight  experimental  groups,  showed  significant  differences  between  group  5 
which  rehearsed  under  all  operational  conditions  and  groups  h  (simplified  track¬ 
ing,  simplified  spatiaT,and  simplified  temporal),  6  (operational  tracking,  sim¬ 
plified  spatial,  and  operational  temporal),  and  7  (operational  tracking,  opera¬ 
tional  spatial,  simplified  temporal). 

Finally,  Dunnett* s  procedure  was  used  to  compare  control  group  means  with 
all  experimental  group  means  for  the  three  procedural  task  metrics  during  reten¬ 
tion  and  on  the  basis  of  difference  scores.  The  means  upon  which  these  tests 
were  based  and  the  results  of  the  tests  are  shown  in  tables  8,  9,  and  10. 

From  table  8  it  may  be  seen  that  the  number  of  commissive  errors  made  during 
retention  test  by  groups  1  (simplified  tracking,  operational  procedural  task)  and 
5>  (operational  tracking,  operational  procedural)  was  significantly  smaller  (£  < 
.0£)  than  that  of  the  control  group  mean  difference  score. 

Both  retention-test  scores  and  difference  scores  for  omissive  errors  differ¬ 
entiated  some  experimental  groups  from  the  control  group  (table  9).  In  fact,  of 
the  16  comparisons  made  with  control  group  performance,  only  two  experimental 
groups  failed  to  make  fewer  omissive  errors  at  retention  test  or  to  show  signi¬ 
ficant  change  in  performance  from  training  to  retention  test:  group  1|,  which 
rehearsed  under  all  simplified  conditions,  and  group  7 ,  which  had  a  simplified 
temporal  sequence,  did  not  differ  from  the  control  group. 

Mean  response  time  is  shown  in  table  10  for  all  groups.  Dunnett  comparisons 
failed  to  show  differences  between  any  experimental  groups  and  the  control  group. 


TABLE  8 

MEAN  NUMBER  OF  COMMISSIVE  ERRORS  FOR  TRAINING,  RETENTION  TEST, 
AND  DIFFERENCE  SCORES  FOR  ALL  GROUPS 


Group 

Group  Mean 
Session  8 

Retention 

Difference 

1 

1.62 

i.i  k* 

0.U8 

2 

2.29 

2.77 

-0.1*8 

3 

1.81* 

1.7U 

0.10 

1* 

2.30 

2.20 

0.10 

5 

2.16 

1.68* 

0.1*8 

6 

2.7  9 

2.26 

0.53 

7 

2.92 

2.78 

O.ll* 

8 

2.86 

2.1*0 

0.1*6 

9 

2.35 

2.62 

-0.27 

*  Indicates  group  mean  or  difference  differed  significantly 
from  the  control  group  at  £  <  .05>. 
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TABLE  9 


MEAN  NUMBER  OF  OMISS.TVE  ERRORS  FOR  TRAINING,  RETENTION  TEST, 
AND  DIFFERENCE  SCORES  FOR  ALL  GROUPS 


Group 

Group  Mean 

Session  8  Retention 

Difference 

1 

0.84 

0.76* 

0.08* 

2 

1.23 

1.09 

0.14* 

3 

1.22 

1.14 

0.08* 

4 

1.02 

i.i4 

-0.12 

5 

1.14 

0.80* 

0.34* 

6 

0.80 

0.94* 

-o.i4 

7 

i.o5 

1.12 

-0.07 

8 

i.o6 

0.85* 

0.21* 

9 

1 

i.i4 

1.30 

-0.16 

Indicates  group  mean  or  difference  differed  significantly 
from  the  control  group  at  £  <  .05. 


TABLE  10 

MEAN  RESPONSE  TIME  FOR  TRAINING,  RETENTION  TEST, 
AND  DIFFERENCE  SCORES  FOR  ALL  GROUPS 


Group 

Group  Mean 
Session  8 

Retention 

Difference 

1 

9.92 

9.44 

0.48 

2 

10.36 

10.00 

0.36 

3 

11.24 

10.97 

0.27 

4 

9.81 

10.26 

-0.45 

5 

10.26 

8.78 

1.48 

6 

9.53 

8.81 

0.72 

7 

10.38 

.10.88 

-o.5o 

8 

10.06 

9.83 

0.23 

9 

10.34 

10.92 

-0.58 

l4 


The  major  findings  from  the  procedural -task  metrics  appear  to  be  that  reten¬ 
tion  was  largely  unaffected  by  manipulating  tracking  task  parameters*  Most  of 
the  significance  obtained  by  comparisons  among  experimental  groups  can  be  ac¬ 
counted  for  in  terms  of  procedural  task  parameters  during  rehearsal.  In  particu¬ 
lar,  better  performance  was  associated  with  continued  practice  on  the  operational 
task  during  rehearsal.  Comparisons  with  control  group  performance  support  the 
same  conclusion. 


DISCUSSION 

The  data  are  consistent  with  the  results  obtained  by  Bunch  (refs.  1,  2)  but 
not  entirely  with  those  reported  by  Naylor  and  Briggs  (ref.  6).  Bunch*s  work 
indicated  that  when  retention  intervals  are  long,  various  interpolated  activities 
lead  to  increased  retention  of  the  original  skill.  The  tracking  results  of  this 
study  strongly  support  this  same  conclusion.  All  groups,  including  those  which 
practiced  with  simplified  tracking  and  procedural  task  conditions  during  rehearsal, 
were  superior  to  the  control  group  in  tracking  skill  after  a  retention  interval  of 
2  weeks,  and  no  reliable  differences  were  found  among  the  groups  which  experienced 
different  rehearsal  conditions.  The  procedural  task  metrics  were  not  all  sensi¬ 
tive  to  these  effects.  Response  time  completely  failed  to  show  differences  be¬ 
tween  experimental  groups  and  the  no -rehearsal  (control)  conditions,  and  the  number 
of  commissive  errors  showed  superiority  over  the  control  group  only  for  the  group 
which  rehearsed  on  the  original  training  task.  In  contrast,  the  number  of  omis- 
sive  errors  differentiated  most  experimental  groups  from  the  control  condition. 

Naylor  and  Briggs  (ref.  6)  found  that  changing  the  spatial  characteristics 
of  the  procedural  task  during  rehearsal  had  little  effect  upon  the  later  retention 
of  the  original  task.  In  contrast,  changing  the  temporal  characteristics  of  the 
task  led  to  degradation  of  retention  similar  to  that  manifested  by  Ss  who  re¬ 
ceived  no  interim  practice  at  all.  The  present  data  do  not  support~this  findings. 
Commissive  errors,  for  instance,  showed  that  only  the  group  which  rehearsed  the 
original  training  task  was  superior  during  retention  test  to  the  no-rehearsal 
control  group.  No  differences  were  observed  among  groups  who  rehearsed  with 
modified  procedural-task  characteristics  and  none  of  these  groups  differed  from 
the  control  condition.  The  only  differences  which  support  the  conclusion  that 
practice  with  modified  temporal  conditions  degrades  retention  more  than  does 
interim  practice  with  modified  spatial  characteristics  were  those  involving 
response-time  scores.  During  retention  test,  response  time  for  the  modified 
temporal  group  was  significantly  greater  than  that  for  the  operational  rehearsal 
group.  Modifying  only  the  spatial,  or  both  the  spatial  and  temporal  aspects  of 
the  task,  did  not  alter  retention-test  performance. 

lrfhile  these  procedural  task  re  stilts  appear  to  be  contradictory  to  the  pre¬ 
viously  reported  findings  with  the  same  task,  the  contradiction  is  more  apparent 
than  real.  If  rehearsal  with  modified  temporal  characteristics  leads  to  de¬ 
creased  retention  of  the  original  task  skill  because  of  the  effects  of  retro¬ 
active  inhibition,  it  simply  may  be  that  the  inhibitory  effects  are  of  short 
duration  and  do  not  manifest  themselves  with  intervals  of  the  duration  used 
herein.  Previous  research  indicated  that  such  effects  are  of  relatively  limited 
duration  (ref.  5).  However,  the  explanation  advanced  by  Naylor  and  Briggs  (ref. 

6)  for  their  data  was  that  the  differential  effects  of  spatial  and  temporal  re¬ 
hearsal  conditions  were  due  to  differential  difficulty  of  the  two  aspects  of  the 
task,  i.e.,  temporal  task  characteristics  were  more  demanding.  Modification 
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during  rehearsal  led  to  less  practice  on  this  t^sk  aspect  and,  therefore,  led  to 
greater  loss  of  original  skill  at  retention  test.  This  explanation  appears  most 
plausible  as  a  basis  for  rationalizing  the  difference  between  their  results  and 
those  of  the  present  study.  Other  research  (ref.  8)  has  shown  that  retention 
performance  differences  between  rehearsal  conditions  for  groups  which  received 
one  week  of  original  training  no  longer  manifest  themselves  with  groups  which 
had  two  weeks  of  initial  training.  Since  Naylor  and  Briggs  used  one  week  of 
training,  and  since  two  weeks  of  training  were  used  in  the  present  study,  it 
seems  reasonable  to  assume  that  the  amount  of  original  training  used  here  led 
to  skill  levels  which  washed  out  the  previously  observed  effects  of  rehearsal 
conditions.  The  additional  practice,  needed  to  maintain  skill  on  the  more  dif¬ 
ficult  temporal  demands  of  the  procedural  task,  previously  afforded  during  rehear¬ 
sal  for  some  groups,  was  provided  in  the  present  study  during  original  training. 
Consequently,  differences  between  rehearsal  conditions  no  longer  manifested  them¬ 
selves. 

These  results  indicate  that  any  task  should  be  dimens ionali zed  in  terms  of 
separate  task  components  of  subtasks  as  well  as  in  terms  of  the  sub  tasks  of  the 
more  global  task.  Where  training  time  is  available,  sufficient  training  on  the 
whole  task  can  be  expected  to  negate  the  benefit  derived  from  differential  re¬ 
hearsal  on  separate  task  components.  When  training  time  is  limited,  however,  or 
when  the  retention  interval  is  of  such  duration  as  to  permit  forgetting  even 
though  extended  original  training  was  provided,  additional  interim  practice  on 
the  more  difficult  aspects  of  the  sub  tasks  would  be  expected  to  lead  to  superior 
retention  of  the  original  task  skill. 

The  reader  should  note  that  the  above  conclusions  are  based  on  statistical 
analyses  with  an  a  level  of  0.0£.  Had  a  less  stringent  level  been  adopted  for 
Type  I  errors,  it  is  apparent  that  certain  of  these  conclusions  would  have  been 
modified.  For  example,  in  table  J|  the  tracking  mean  square  for  the  simplified 
versus  operational  tracking  task  comparison  (T)  just  missed  significance  at  p 
<  .05.  Had  the  a  level  been  set  at  0.10,  one  could  conclude  that  a  reliable~dif- 
ference  did  exist  between  these  rehearsal  conditions.  Thus,  from  column  3  of 
table  5  it  would  follow  that  retention  performance  was  better  when  an  operational 
tracking  task  was  experienced  during  rehearsal  than  when  S  rehearsed  on  a  simpli¬ 
fied  tracking  task;  the  average  performance  of  groups  5-8~was  0.23U  compared  to 
the  average  of  groups  1-U  which  was  0.267* 

The  reader  is  free,  of  course,  to  adopt  any  level  for  the  Type  I  error  he 
wishes.  The  authors  do  feel  that  an  a  level  of  0.05  is  appropriate  and  so  we 
stand  behind  the  conclusions  reached  in  the  body  of  this  report. 


SUMMARY 

The  purpose  of  this  study  was  to  examine  the  effects  of  various  rehearsal 
techniques  upon  the  retention  of  a  continuous  tracking  task  and  discrete  pro¬ 
cedural  task.  Rehearsal  conditions  for  the  tracking  task  were  either  operational 
or  simplified.  The  procedural  task  was  dimens  ionali  zed  on  the  basis  of  its  spa¬ 
tial  and  temporal  characteristics  and  groups  rehearsed  with  all  combinations  of 
operational  and  simplified  conditions  for  both  dimensions. 

Nine  groups  of  li|  subjects  each  trained  for  8  days  on  the  whole  task.  Eighteen 
days  following  the  last  day  of  training,  the  experimental  groups  returned  for  i| 
days  of  rehearsal.  One  retention  test  session  was  completed  l5  days  after  rehearsal. 
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All  rehearsal  groups  were  superior  in  tracking  skill  to  the  no-rehearsal 
control  group  at  retention  test.  Mo  difference  in  tracking  skill  was  observed 
among  rehearsal  conditions.  The  procedural  task  metrics  were  less  sensitive  in 
comparison  with  control  group  subjects,  but  commissive  errors  demonstrated  the 
superiority  of  operational -task  rehearsal  to  no  rehearsal,  and  the  number  of 
omissive  errors  showed  less  loss  of  skill  for  most  rehearsal  conditions  when  com¬ 
pared  to  the  control  group.  Differences  in  performance  on  the  procedural  task 
among  rehearsal  groups  wed •  largely  attributable  to  differences  between  rehearsal 
on  the  operational  task  and  rehearsal  under  the  simplified  task  conditions.  It 
was  concluded  that  differences  among  rehearsal  conditions  are  largely  negated 
when  original  training  is  of  sufficient  duration. 
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